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FOREWORD

This report presents the results of the Air Force/McDonneil Douglas
performance and flying qualities evaluation of the F-4E with the produc-
tion retrofit two-position maneuvering slat kit. These tests were con-
ducted at the McDonnell Douglas flight test facility, St. Louis, Missouri,
between 30 March and 25 May 1972, and at the Air Force Flight Test Center,
Edwards AFB, California, between 31 May and 22 June 1972. Testing was
conducted under the authority of Headquarters Air Force Systems Command

as directed by AFFTC Project Directive 72-27 and ASD message R 0814102
March 1972.

This report contains the test techniques, major results, conclusions
and recommendations, substantiating data, and data reduction and analysis

methods. Findings of the TAC evaluation will be published by TAC under
separate cover. :

Pilots who participated in the test program were Major Cecil W.
Powell, Lieutenant Colonel Richard E. Lawyer, and several pilots from
McDonnell Douglas flight test. The two TAC flights were flown by Major
M.B. Johnson (Hg TAC) and Major H.W. Dibble (Hq USAFTAWC) .

Foreign announcement and dissemination by the Defense Documentation
Center are not authorized because of *echnology restrictions of the U.S.
Expbrt Control Acts as implemented by AFR 400-10.

Prepared by: : Reviewed and appreved by:
14 Aygust 1972

lly K ploell Govoe Lercreo
BILLYCR. BOXWELL JAMES W. wOoOD
Project Engineer Colonel, USAF

Commander, 6510th Test Wing
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RUSSELL C. HUBENET ROBERT M. WHITE
Sergeant, USAF Brigadier General, USAF
Flying Qualities Engineer Commander
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ABSTRACT

This report presents the results of the limited performance and
flying qualities evaluation of the F-4E with the production retrofit
two-position maneuvering slat kit. The objective of the testing was to
evaluate the performance and flying qualities of the F-4E aircraft
equipped with the two-position leading edge slat and to obtain data
necessary to update the F-4 Flight Manual. The two-position slat test
results show an increase in turning capability in most of the flight
envelope compared with that of the basic F-4E, and were comparable to
those obtained with the previous fixed slat configuration, Agile Eagle
IV. The normal takeoff rotation technique described in the Flight
Manual was considered unsatisfactory for slat-equipped aircraft. The
instaliation of the two-position wing leading edge slat has degraded
the maximum speed capability of the F-4 aircraft slightly. Cruise data
obtained during the tests show a degradation in cruise performance of
approximately four percent for thc retracted slat confiquration and
seven percent for the extended slat., Decreased static stability made
precise control of angle of attack (AOA) moderately difficult during
landing approaches at 19 units AOA. Rudder rolls performed at high AOA
showed improved performance. Lateral-directional flying qualities in
the power approach configuration were generally not as good as with the
unslatted F-4E, but were satisfactory. Tests performed to evaluate the
flying qualities with simulated failures in one or more slat actuators
revealed minor, acceptable degradations from the flying qualities ob-
served with the symmetric slat condition.

|
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INTRODUCTION

The objective of the testing was to evaluate the performance and
flying qualities of the F-4E aircraft equipped with the two-position
leadin? edge slat and to obtain data necessary to update the F-4 Flight
Manuall (reference 1). Fifty-eight flights were flown accumulating 59.7
flight hours, including two qualitative flights by TAC pilots.

In 1969, in an effort to improve the air combat maneuvering capa-
bilities of the F-4 aircraft, the McDonnell Douglas Corporation (MDC)
conducted a design and flight test program to investigate increased lift
potential using wing leading edge slats. A USAF/USN/USMC flight evalua-
tion was conducted in August 1969 on a YRF-4C equipped with fixed leading
edge slats (reference 2). As a result of the improved maneuvering cap-
ability, a movable slat system was proposed for production F-4E aircraft
which would consist of a hydraulically-actuated, two-position mechanism
designed to extend the slats when the angle of attack (AOA) reached some
predetermined value.

MDC continued development, corrected the deficiencies noted in
reference 2, and installed the refined slats on a production F-4E. In
April 1971, October 1971, and again in December 1971, further improved
versions of the fixed slat were evaluated by the USAF (refereunces 3, 4,
and 5). The optimum fixed slat design, which resulted from the above
tests, was mechanized for the two-position configuration and installed
on F-4E USAF S/N 66-287A (figures 1 through 6), and an evaluation was
conducted by MDC and the USAF. This report presents the results of
those tests.

Table I is a summary of the basic confiqgurations flown during the
test program and referred to in the text. Table II and figures 7, 8,
and 9 present the test loadings that were flown.

The test airplane was a production F-4E instrumented for performance
and flying qualities testing. The configuration of the airplane had not
been altered except for the removal of production equipment not reguired
in the flight test program and installation of test instrumentation
equipment in its place. The radar was replaced by an instrumentation
package designed and installed by MDC which contained a magnetic tape
airborne data recording system and other major components. The instru-
mentation package can be seen in figure 10.

oo W WL W

!

A test noseboom was also installed with a pitot-static head for
the measurement of airspeed and altitude, and vanes to facilitate the
measurement of angle of attack, angle of sideslip, and flightpath
acceleration. The noseboom can be seen in fiqure 1l1.

\

The test aircraft required no flight restrictions other than normal
Flight Manual limits, with the exception of AOA and normal acceleration .
which were 32 units and 80 percent of Flight Manual limits. respectively.
The normal acceleration limit of 80 percent will be observed on all two-
position siat equipped F-4 aircraft until the flight loads testing is
completed by MDC. Normal two-position slat operation limits are described
in table I.

1all nhunco—s to the Flight Manual in this report are to T.0. 1F~4C~1 (Combined Flight Monval USAF Series F-4C,
F-4D, ond F-4E Aircroft), dated 15 August 1971, Chonge 2, 15 December 1971,

".‘.
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Figure 1 Slat Configuration (Slats Retracted)

Figure 2 Slat Configuration (Slats Extended)
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Figure 3 Slat Configuration (Slats Retracted)

Figure 4 Slat Configuration (Slats Extended)




OUTER WING SLAT Jor <A
. ; B NBOARD SLAT
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SLAT ACTUATOR LINKAGE HOUSING

Figure 5 Slat Configuration (Slat Actuator Linkage Housing)

Table 1

AIRCRAFT CONFIGURATIONS

Configuration I :
(abbreviation) Thrust | Gear | Flaps™ 1 t
—— s 2 T R
Takeoff (TO) MIL or MAX | DOWN | DOWN (30°) | Exte
e v | ——— o —— T -

Cruise (CR) TLF | uvp | wu \ ¢

- PR e S
Combat (CO) [ Augmented | UP J Extended or Retr:
Power Approach (PA) TLF DOWN DOWN (30°) | Extended

Smdinenmesi U — S - - - - - - i - g
Landing (L) IDLE DOWN DOWN (30°) | Extended
Notes:
lTrailing edge flaps on two-position slat-equipped aircraft are 30 degrees
TED when in the DOWN position. No intermediate position is available

2 " A R . .
In the cruise and combat configurations the slats may be extended or re-

tracted depending upon the AOA of the aircraft. The slats automatically
extend when the AOA reaches 10 units and retract at 8 units. For a
complete description of slat/flap control see the Description of the Two-
Position Slat Installation section.

e
“Speed brakes are retracted unless specifically noted otherwise.

- —




F-4E USAF SN LL-287A
TWO POSITION WING LEADING EDGE SLAT SCHEMATIC

NORMAL WiNG MOLOLINE
ACTUATOR LINKAGE HOUSING

INBOARD SLAT MECHAMISM

Figure 6 Inboard and Outer Wing Siat Mechanism Schematic
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TABLE Il
LOADING SUMMARY

F-4E USAF S/N 66-287A
J79-GE-17 ENGINES

Engine Start Dtag2
| Loadxngl Gross Weight | Index | Stability Fuselage Station - - -
No. (i3} No. Index No. 9 8 J]6]5 4
3
1 45,276 3.2 0 - - | EROS Pod - - -
2 50,702 16.0 40.0 Sgt Fletcher - =1 =1~ | EROS Pod o
370-gallon
external fuel
tank with
pylon
3 52,333 41.6 129.0 Sgt Fletcher MAU-12 -|=]- | EROS Pod - MAU-12 pylon
370-gallon pylon TER-9A rack
external fuel TER-9A 2 empty LAU-
tank with rack
pylon 2 empty
LAU-10
rocket
launchers

Notes:

Prefix "A" denotes asymmetric fuel load in the 370-gallon external tanks (right tank half f

Suffix "a" denotes AIM-7 missile mounted at station 6.
S ffix "b" denotes AIM-7 missiles mounted at stations 3 and 7.

tank empty).

2Thcse drag index numbers are valid with the leading edge slat in the retracted
with the slat retracted is 3.2; this information was not available for the ext
the preparation of this report.

po

3’rhe EROS Pod on station 4 is an RIM-7 shaped container housing an airborne anti-collision

system.

““I"I“‘ﬂ:;l~“l.

Figure T Test Airplane Loadings (Loading 1: No External Stores)
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Figure 8 Test Airplane Loadings (Loading 2: 2 370-Gallon External Tanks)

Figure 9 Test Airplane Loadings (Loading 3: 2 370-Gallon External Tanks, 2 MER's, 4 Empty LAU-10's)
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Figure 10 Test Airplane Instrumentation Package

Figure 11 Test Nosehoom
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DESCRIPTION OF THE TWO-POSITION
SLAT INSTALLATION

Flight testing of the F-4 fixed leading edge slat has shown a sig-
nificant improvement in aircraft maneuvering capability and handling
characteristics at high angles of attack. The fixed leading edge slat
was mechanized through the utility hydraulic syste.: to be either fully
extended or retracted. Production F-4 wing moldline s were altered to
contain the inboard slat actuator linkage and structure necessary for slat
actuation under high loads. (While the aircraft is maneuvering at high
normal load factors and transonic speeds, the slats and associated linkage
will be subject to high loads when in operation.) The slat actuator link-
age housing and relative slat positions on the inboard and outer wing can
be seen in figures 4, 5, and 6.

Rapid slat actuation is required to coordinate the slat extension
and retraction with high aircraft pitch rates. Through sizing of hy-
draulic lines and restrictors, the slat actuation time is controlled to
0.5 seconds and 1.0 seconds extension for the outer wing and inboard
wing, respectively, and 0.9 seconds retraction for both. These times
are unaffected by wing loads. When not in the extended position, the
inboard slat section is completely retractable. The outer wing slat
section when retracted rotates slightly aft and down to a low drag position.

The two-position wing leading edge slats are positioned automati-
cally through several slat actuation and control parameters, or they
can be controlled manually. A slat position indicator is located on the
lower left front panel in the cockpit. Slat and flap control switches
are shown in figures 12 and 13 along with a resume of slat actuation and

control.



F-4E USAF S/N §6-281A
FRONT COCKPIT

) "i\
|
(O TN

SLAT SWITCH
Control Parameters
Angle of ottack
Cockpit slot override switch
Cockpit flap/slat switch
Airspeed switch
Ground sofety switches

Angle of Attock Control — Slat Switch in NORM, Weight off MLG
Slats extended ot 10 units AQA
Slats retracted ot 8 units AOA
Slats extend when flap /slat switch is positioned to QUT or QUT & DOWN

Slats retract above 600 KCAS

Manual Control - Slat Switch in SLATS OVERRIDE
Slats remain retracted ot any AQA or any flap selection

Slat Control with Flap/Slat Wsitch in QUT or QUT & DOWN
Slats extended unless landing gear pin/flag installed, or 600 KIAS is exceeied, or slat override is selected

Slat Control on Ground
Power removed from flaps and slats when londing gear pin/flap installed in nosewheel well. AQA signal

deactivated with weight on wheels.

Figure 12 Leading Edge Siat Centrel Switches

10
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Figure 13 Leading Edge Slat and Fiap/Slat Switches




TEST AND EVALUATION

PERFORMANCE TESTS
TAKEOFF

Tests were conducted to determine the takeoff characteristics and
performance of the F-4E with the two-position slat kit installed. All
performance takeoffs were recorded by Askania phototheodolite cameras
from brake release through a height of approximately 200 feet. Ambient
temperature, pressure, and wind speed and direction were simultaneously
recorded for later data analysis.

Performance takeoffs were performed in the takeoff configuration
(TO) described in table I, with maximum afterburning thrust and loading
1 (no external stores). Loading 1, which has an Eliminate Range Zero
System (EROS) pod on station 4, is referred to in the text as no external
stores. The pod is an AIM-7 shape weighing approximately 200 pounds and
has a drag index of 1.4, both of which have negligible effect on the air-
craft. With both engines operating at approximately 80 percent, brakes
held, and nose gear steering engaged to insure nose gear alignment, the
brakes were released and both throttles advanced to full military thrust.
At this point engine speed (rpm), exhaust gas temperature, and nozzle
position were checked and the throttles advanced full forward to maximum
afterburning thrust. During the takeoff roll, directional control was
maintained with nosewheel steering until the rudder became effective at
approximately 70 KIAS.

The normal takeoff procedure outlined in the F-4E Flight Manual
indicates tLhat sufficient aft stick should be applied prior to nosewheel
liftoff speed to attain the desired pitch attitude. As the nose rises,
pitch attitude must be controlled to maintain 10 to 12 degrees nose up
for takeoff. This technique was considered unsatisfactory for the slat-
equipped F-4E: early and/or rapid aft stick movement may result in over-
rotation and the stabilator contacting the runway; also, slow and/or
delayed aft stick movement will resuli in increased takeoff ground roll.
The technique determined most satisfactory for slat~-equipped F-4E air-
craft was as follows: at approximately 80 KIAS, aft stick was smoothly
applied to attain the desired 10 to 12 degrees pitch attitude just prior
to liftoff. Normal takeoff procedures for slat~equipped F-4E aircraft
should be changed to reflect the results of these tests. The Normal
Takeoff section of the Flight Manual pertaining to rotation technique
should be revised to read as follows: (R1)2

"Aft stick should be smoothly applied at approximately 80
KIAS to attain 10 to 12 degrees pitch attitude just prior
to aircraft fly-off."

The results of the takeoff tests are presented in table III and
figure 15. These data were not corrected for nonstandard ambient condi-
tions and the comparisons made with the Flight Manual were for the test
day conditions.

23,1dface numerals preceded by an R correspond to the recommendation numbers tabulated in the
Conclusions ond Recommendations a2rtion of this report,

12



Table III

TAKEOFF DISTANCE COMPARISON
F-4E USAF S/N 66-287A
J79-GE-17 Engines
Takeoff Configuration
Dry Concrete Runway
Loading 1: No External Stores
Takeoff Gross Weight: 45,000 1b

Distance to Liftoff ]
Ambient Headwind (ft)

Flight Temperature Component Two-Position Slat Flight Manual
No. (deg C) (kt) Tast Aircraft Data
279 21 5 2,580 2,500
280 31 1 2,850 2,500
281 35 5 2,500 2,800
282 26 12 2,575 2,450
283 34 5 2,675 2,720

LEVEL FLIGHT ACCELERATIONS

Level flight accelerations were performed to determine the speed
schedules that would result in the maximum rate of climb and to check
the Flight Manual schedules and level acceleration data. Data were ob-
tained at various altitudes in both maximum afterburning and military
thrust.

Level flight accelerations were performed with loading 1, from ncar
the minimum flying speed to the limit speed for the test data. The
technique used was to stabilize the airplane near the minimum flying
speed. The thrust setting was advanced to military thrust or maximum
afterburning as desired, and the aircraft was allowed to accelerate at
a constant altitude to the maximum speed at that altitude and thrust
setting. Thc results of the level acceleration tests are presented in
figures 16 through 34. A comparison of the Flight Manual level flight
envelope, the flight envelope established during F-4E Category II test-
ing (reference 6), and the flight envelope resulting from the ins*tallation
of the two-position wing leading edge slat is presented in figure 35.

The installation of the two-position wing leading edge slat has degraded
the maximum speed capability of the aircraft slightly. The Flight Manual
should be reviced to reflect the changes in the level flight envelope

for F-4E aircratt equipped with the two-position slat. (R2)

The Flight Manual climb speed schedules for maximum and military
thrust are in good agreement with the maximum rate of climb potential
data presented in figures 20 and 22. It was interesting to note that
when the aircraft was in a climb near its combat ceiling, the slats
automatically extended when the AOA reached 10 units and the rate of
climb increased rapidly by an additional 1,000 feet per minute.

13
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Test day and standard day excess thrust and rate of climb potential
were determined as outlined in the Climb Potential Determination section,
appendix I, and in reference 7. Inflight thrust was obtained by use of
a MDC computer program using established J79-GE-17 engine performance
data. Test day thrust was determined by entering power lever position
(military and maximum thrust only), altitude, Mach number, and free air
temperature for the test condition into the program. Standardized thrust
was obtained in the same manner except that standard altitude and free
air temperature were used. Fuel flow data resulting from the level
flight accelerations were not corrected for nonstandard test conditions.

TURNING PERFORMANCE

To evaluate the maneuvering capability of the test airplane, ac-
celerating, decelerating, and thrust-limited turns were performed
throughout the flight envelope of the ailrcraft in maximum afterburning
thrust with loading 1 (no external stores). Accelerating turns were
performed by banking the airplane into a turn at a constant normal load
factor, at a speed where the excess thrust was positive and increasing,
and allowing the airplane to accelerate to the thrust limit while hold-
ing as constant an altitude as possible. Decelerating turns were per-
performed by banking the airplane into a turn at the completion of a
level acceleration. The airplane was then turned at a constant normal
load factor and altitude, and allowed to decelerate to initial stall
buffet. Results of the accelerating and decelerating turns are presented
in figures 36 through 49.

Maximum afterburning thrust-limited turning performance tests were
conducted at 10,000, 20,000 and 35,000 feet pressure altitude with load-
ing 1. At the test altitude an acceleration was performed to a selected
Mach number. The airplane was then banked into a turn at a constant
altitude while sufficient normal load factor was attained to stabilize
airspeed. Approximately 360 degrees of turn were recorded during each
stabilized turn. Thrust-limited turning performance data were also
obtained from accelerating turns by allowing the airplane to accelerate
at the test condition to near the thrust limit. These data were obtained
at various cg positions from approximately 25 to 32 percent mean aero-
dynaric chord (MAC) and were corrected to 32.9 percent as outlined in
appenGaix I. Thrust-limited turning performance data are presented in
figure 50.

The thrust-limited turning capability presented in the F-4E Flight
Manual indicates a sustained load factor higher than was demonstrated
during Category II testing. These data were generated from thrust avail-
able and the airplane drag polars. Thrust--limited turning performance
data obtained during the test program indicate a significant increase
above the performance demonstrated during F-4E Category II testing
{(reference 6). The F-4E Flight Manual for slat-equipped aircraft should
be revised to indicate the sustained load factor capabilities demonstrated
during this test program. (R3)

Turning performance maneuvers were also used to obtain drag data
by the technique outlined above. While the aircraft decelerated or
accelerated in the turn at a constant normal load factor, altitude,
and thrust setting a range of lift and drag coefficients were obtained.
These parameters were calculated as outlined in the drag determination
section of appendix I. Drag data are presented in figures 51 through

n



54, appendix I, These data were also corrected to a cg of 32.9 percent
MAC. Performance data to be obtained from these drag polars should be
corrected to a more forward cg. The cg should be approximately 28.5
percent MAC, which would be representative of the clean airplane at com-
bat weight (41,185 pounds). (R 4)

CRUISE PERFORMANCE

Level flight tests were conducted to obtain the change in cruice
performance resulting from the two-position slat installation in both
the retracted and extended positions. Data were obtained at various
altitudes in loading 1,

Cruise performance data were obtained from stabilized conditions of
airspeed and fuel flow at a constant weight-pressure ratio (airplane gross
weight divided by the ratio of test atmospheric pressure to sea level
standard day atmospheric pressure). A constant weight-pressure ratio
(W/65) was maintained by flying at successively higher altitudes to com-
pensate for the decreasing gross weight due to fuel consumpticn. All
data were obtained in the cruise (CR) configuration.

The results of the level flight tests are presented in figures 55
through 59. Comparisons of the test aircraft and corresponding data
derived from F-4E Catecory 1I tests (reference 6) and the Flight Manual
are presented in figure 55. These data show a degradation in cruise
performance of up to four percent for the retracted slat and seven per-
cent for the extended slat. The cruise performance section of the F-4
Flight Manual should be revised to reflect the cruise performance ob-
tained during this test. (R 5)

STATIC THRUST CALIBRATION

A static thrust calibration was performed on 20 June 1972 at the
AFFTC static thrust facility to check the installed static thrust of the
J79-GE-17 engines in the test aircraft.

The gas generator data nresented in figures 60 and 61 summarize
the results of the static thrust calibration., With both engines operating,
and with all systems on that are normally operating at takeoff, the
thrust in maximum afterburning and military settings was 15,250 and 9,200
pounds per engine, respectively.\

Engine speed and exhaust gas temperature operating schedules are
presented in figures 62 through 65.

FLYING QUALITIES TESTS

TAKEOFF

Takeoffs were performed with several combinations of external stores,
gross weight, cg position, and military or maximum afterburning thrust.
The normal takeoff configuration with slats extended and flaps down 30
degrees was used for all *takeoffs unless noted otherwise.

Applying full aft stick deflection prior to reaching 80 KIAS re-

sulted in nosewheel liftoff at speeds significantlv lower than obtained
with the basic F~4E. The initial rotation rate was also increased.
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Takeoff attitude could be attained at airspeeds that would allow liftoff
at speeds too low for adequate lateral stability. Several uncommanded
wing drops, similar to those reported in raference 4, occurred during
the test program and were attributed to the low liftoff speeds and re-
sulting inadequate lateral stability.

The modified takeoff technique described in the Takeoff Performance
section of this report eliminated the early liftoff problem. Liftoff
then occurred at a speed where lateral stability and controllability
were adequate. A slight, unobjectionable forward stick deflection was
needed just after liftoff to arrest rotation rate. Control forces with
3 units aircraft nose down (AND) trim were high, but not excessive dur-
ing the ground run, and lightened at liftoff. Trim changes resulting
from retraction of the landing gear and flaps were minor,

The external store loadings tested provided slower initial pitch
rates during rotation. One takeoff performed with store loading A2
(right 370-gallon tank half full, left 370-gallon tank empty), required
approximately one-half to two-thirds lateral stick deflection after 1lift-
off to hold up the right wing.

One takeoff was made with the slats initially retracted, then
allowed to extend just after liftoff. The resulting transients and
trim changes were barely noticeable.

TRIM CHANGES

Trim changes resulting from actuation of the landing gear, speed
brakes, flaps, and leading edge slats were evaluated. 1In the normal
gear-down speed range, extension and retraction of the landing gear pro-
duced a negligible pitch trim change. Flap extension caused a definite,
easily controlled, nose down trim change comparable to that of the basic
F-4E. Speed brake actuation caused a moderate, easily controlled, nose
up trim change (opposite in direction from that of the basic F-4E).

Trim changes occurring with normal slat extension and retraction
were insignificant. The aircraft response to slat extension at 10 units
AOA was a very slight nose down trim change. Using manual slat control
to extend the slats at AOA's other than the normal operating point did
not produce any unsatisfactory characteristics. Trim changes due to
asymmetric slat extension are discussed in the Asymmetric Slat Conditions
section of this report.

MANEUVERING STABILITY

Maneuvering stability was evaluated by performing constant Mach
number windup turns over a wide range of trim Mach numbers at two alti-
tudes. All the data presented are for the aircraft with AIM-7 stores
only (loadings la and 1lb). The windup turns were performed by trimming
the aircraft for levsel flight at the chosen altitude and Mach number
then banking into a turn while increasing load factor. Altitude was
sacrificed to maintain constant Mach number. The throttles and longi-
tudinal trim were not moved during the maneuvers. Fiqures 66 through
75 show the maneuver points determined from figures 76 through 85. Fig-
ures 86 through 99 show the stick force and stabilator position data
obtained during the maneuvers. The method used to determine the maneuver
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points is described in appendix I. Figures 100 through 111 show time
histories of several of the windup turns performed.

For subsonic speeds at 37,000 feet altitude, windup turns performed
with an aft cg position showed low or negative stability for most of the
range of normal force coefficient (Cy) below 0.9. The effect was mcst
noticeable in the 13 to 16 degree noseboom angle of attack range (17 to
20 units production indicator AOA). At CN's above approximately 0.9,

a rapid increase in stick {orce per g and stabilator position per Cy
gradients was noted. This gradient increase was similar in nature to

that reported in references 4 and 5, but reduced in effect. The aircraft's
pitch response and pitch rate capability at high Cy's were satisfactory,
and the increased stick force and deflection necded to attain Cn's greater
than 0.9 provided additional security against inadvertently exceeding safe
AOA limits.

The test aircraft was not fitted with a gunsight, but simulated air-
to-ground and air-to-air tracking (with an unslatted F-4 target) showed
that terminal tracking could be effectively accomplished up to 30 units
AOA without excessive pilot workload.

STATIC AND DYNAMIC LONGITUDINAL STABILITY

Static longitudinal stability tests were performed at 10,000 and
35,000 feet altitudes with basic store loadings 1 and 3. The aircraft
was trimmed for one-g level flight at a specified airspeed and altitude,
then the airspeed was varied above and below the trim airspeed by per-
forming a slow "push-pull" longitudinal control input. Throttle posi-
tion and longitudinal trim position were not disturbed from their trim
settings. Figures 112 and 113 show a summary of the data shown in figures
114 through 128 for the cruise and combat configurations. Power approach
configuration data are shown in figures 129 and 130.

The effects of cg position and external store loadings on the static
stability of the aircraft were comparable in nature to those experienced
with the basic F-4E. Apparent and real stati~ stability in the CR and
combat (CO) configurations were determined by taking the slopes of the
stick force and stabilator position versus Cy data at the trim Cy values.
Store loading 1 (stability index number = 0) exhibited adequate stability,
but the stability was significantly reduced by the effects of store
loading 3 (stability index number = 129). Power approach _onfiguration
data for store loading 1 and a mid cg position indicate reduced stability
in the 17 to 21 unit AOA range. This low static margin was noticed as
difficulty in holding 19 units AOA precisely during landing approaches.

Dynamic longitudinal stability was evaluated by exciting the short-
period oscillatory motion of the aircraft with a quick longitudinal con-
trol doublet or impulse input. After completing the control input, the
pilot attempted to hold the stick steady in the neutral position. The
aircraft's oscillatory response was computer analyzed to provide the
damping ratio and damped period data shown in fiqures 131 and 132.
Figures 133 through 141 show time histories of several of the tests.

As expected, stability augmentation system (SAS)-off oscillations
had less damping than the SAS-on oscillations, and rearward cg movement
reduced damping also. The period of the oscillation increased with alti-
tude and rearward cg movement. Pilot-induced oscillations (PIO's) are
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a potential problem at high speeds and low altitudes due to the low SAS-
off damping,particularly with aft cg locations. No Flight Manual change
is required for the slat-equipped aircraft, since there already is a NOTE
describing PIO susceptibility in the Operating Limitations section of the
current Flight Manual. .

TRANSONIC SPEED STABILITY

Transonic speed stebility was evaluated by trimming for level flight
at approximately 0.85 Mach, then increasing the thrust to maximum after-
burner and accelerating to approximately 1.2 Mach. After terminating the
acceleration run, the aircraft was retrimmed for level flight, and the
throttles were retarded to IDLE. During both the accelerating and de-
celerating runs, the pilot attempted to hold altitude constant by longi-
tudinal control inputs. Figure 142 shows the data obtained during the
level acceleration and deceleration. Figure 143 shows the transonic
characteristics during high-g decelerating turns with maximum afterburn-
ing thrust. Figures 144 and 145 show time histories of the level trans-
onic acceleration and deceleration.

Stabilator and stick force variations with Mach number were similar
to those of the basic F-4E during the one-g acceleration/deceleration
maneuvers. During the high-g decelerating turns, it was noted that the
transonic "dig-in" characteristics of the test aircraft were much less
severe than the basic F-4E's.

ROLL PERFORMANCE

Aileron and rudder rolls were performed at 10,000 and 35,000 feet
altitude over a wide range of speeds. The maneuvers were initiated with
abrupt aileron or rudder inputs from a level flight attitude or a sta-
bilized high-g turn. The SAS was on for all tests.

Figure 146 shows roll data for the CR and CO configurations at
10,000 feet altitude. Comparable data for the basic F-4E were not avail-
able, but comments from both contractor and USAF pilots indicated that
the high-AOA aileron rolling capability was slightly i.pvoved over that of
the basic F-4E, while low AOA aileron roll performance was uvnchanged. Fig-
ures 149 and 150 show time histories of typical rolls performed at this
altitude.

Roll capability at 35,000 feet is shown in figure 147 for the CR
and CO configurations. Aileron roll performance at high AOA's was slightly
improved, while at low and mid AOA's (below 20 units) aileron roll per-
formance was approximately the same as that of the unslatted F-4E. Rudder
rolls performed at high AOA's showed improved performance, but it was
noted that rudder rolling performance decreased rapidly at lower ACA's.
The variation of rudder rolling performance with angle of attack was much
more noticeable than with the unslatted F-4E. Fiqures 151 through 153 show
typical roll time histories at this altitude.

Low speed roll capability in the power approach configuratio:i is
strown in figure 148. The roll helix angle was determined by the method
described in appendix I. As was noted with the CR and CO configuration
roll tests, low AOA aileron roll performance was approximately the same
as the unslatted aircraft's, while at higher AOA's the aileron roll per-
formance was slightly improved. The improvement over the basic F-4E of
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aileron roll performance was more noticeable in the CR and CO configura-
tion tests than in the power approach (PA) configuration rolls. Rudder
roll performance depended strongly on AOA: rolls at high AOA showed
slightly increased performance; while rolls at lower ?20A's did not show
any increase in performance. Coordinated use of both aileron and rudder
inputs gave the most favorable roll response at high AOA's., Figures 154
through 156 show typical PA configuration roll time histories.

STATIC DIRECTIONAL STABILITY

Static directional stability was evaluated by performing sideslips
in the PA and CR configurations at several trim speeds at 10,000 feet
altitude. The maneuvers were performed by slowly applying rudder pedal
force while using lateral stick inputs to maintain a constant heading.
Figures 157 through 162 show the control and attitude parameters of the
aircraft plotted against sideslip angle. Static directional stability was
satisfactory throughout the envelope tested, but the increased dihedral
effect of the test aircraft was noticeable. Sideslips in the PA configura-
tion caused increased difficulty in controlling AOA. A sideslip attempted
while trimmed at 24 units AOA (production indicator) could not be stabilized
in bank angle or AOA at sideslip angles greater than approximately +2
degrees.

POWER APPROACH CONFIGURATION EVALUATION

Power approach flying qualities were evaluated with landing gear
and flaps down and slats extended. In addition, landing approaches were
flown with several combinations of simulated slat and flap malfunctions.
These approaches are discussed in the Asymmetric Slat Conditions section
of this report.

Longitudinal flying qualities were satisfactory but were adversely
affected by low static stability in the 17 to 20 units AOA range. This
region of reduced stability made precise control of AOA moderately diffi-
cult during landing approaches at 19 units AOA. This difficulty would
have been greater without the 1l6-pound longitudinal control £feel system
overbalance modification which had been installed in the test aircraft
before the testing began. Terminating the approach with a flare to 20 to
21 units AOA was easily accomplished and resulted in reduced sink rates
at touchdown.

Lateral-directional flying qualities in the PA configuration were
generally not as good as those experienced with unslatted F-4E's, but
were still termed satisfactory. Lateral control was adequate at 19 units
AOA with either aileron or rudder inputs. Due t. the increased dihedral
effect of the slat-extended configuration, the test aircraft was more sus-
ceptible to roll disturbances caused by gusty crosswinds. This suscepti-
bility to gust upsets was esrecially noticed just before touchdown where
lateral control effectiveness was reduced by ground effect.

Figure 163 shows the approach speed data gathered during the tests.
Approach speed with slats and flaps extended was approximately 7 knots
higher than experienced with the unslatted aircraft. Although no landing
data are included in this report, the following observations were made for
the slat-equipped F-4E:

1. The aircraft had increased residual thrust during landing roll due
to the lack of a BLC installation.
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2. Approach speeds were higher and drag was reduced due to the lower
maximum flap deflection.

These changes all tended to increase the stopping distance during land-
ings. Landing performance tests should be conducted to insure that
accurate data are presented in the Flight Manual for the slat-equipped
F-4E aircraft. (R#é)

STALL APPROACH CHARACTERISTICS AND AURAL TONE STALL WARNING SYSTEM

Stall approach characteristics were evaluated with several combina-
tions of aircraft configuration, external stores, load factors, and slat
conditions. Figure 164 shows a summary of the results, and figures 165
through 169 show time histories of several of the tests. The buffet onset
data shown in figure 164 are incomplete because pilot commerts noting
buffet were not available for all the stall approaches flown. The wing
rock onset data shown were obtained from the time histories of thc
maneuvers.

The aerodynamic stall warning characteristics of the test aircraft
were generally better than those of the previously-evaluated slat configura-
tions (references 2, 3, 4, and 5). Stall warning from wing rock or yaw
oscillations, which occurred at 25 to 27 units AOA usually, was considered
unreliable due to the non-repeatability of the characteristics. If the
24- to 27-unit AOA range was traversed at a moderately high pitch rate,
it was possible to increase AOA to 32 units without any wing rock or direc-
tional instability. Buffet was of limited usefulness as a stall warning
because of the large range between buffet onset AOA's and actual stall/
loss of control AOA. The buffet levels were of lower intensity at all
AOA's than those of the basic F-4E, and were mild encugh not to mask the
other aerodynamic stall warnings. The increase in stick force and position
gradients at high Cy's, as discussed in the Maneuvering Stability section
of this report, acted as an effective deterrent to exceeding safe AOA limits.

The aural tone stall warning system was scheduled by angle of attack
as shown in figure 170. Because of the increased angle of attack capa-
bility of the slat-equipped aircraft, and the slightly improved aerodynamic
stall warning, artificial stall warning was less critical than in the basic
F-4E. The aural tone high schedule (fiqure 170) was defined from pilot
comments obtained from previous slat tests. When considering the most
favorable qualitative combination of turning performance and high angle
of attack flying qualities, the 23- to 25-unit AOA range was considered
the maximum maneuvering angle of attack. However, it should be noted
that load factor limits of the aircraft can be attained at decreased
AOA's in the low altitude regions of the flight envelow.e. In addition,
thrust-limited turning capabilities of the aircraft wr.re not considered
in determining this maximum maneuvering AOA. T.e au:ral tone system, as
presently scheduled, is effective as both a stall warning device and a
maneuvering capability indicator.

ASYMMETRIC SLAT CONDITIONS

General

Several test flights were utilized to fully evaluate flying qualities
with simulated failures in one or more slat actuators. All the flights
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were flown with no external stores except the EROS pod (loading 1). The
slat asymmetry referred to in the following sections is defined as both
slats on one wing retracted and both slats on the opposite wing extended.

Trim Changes

Longitudinal trim changes accompanying asymmetric slat actuation
were similar to those noted for normal symmetric slat extension. The
trim change was barely perceptible both at one g and at elevated load
factors. The asyumetric actuation was noted mainly as a tendency to roll
into the wing with retracted slats. Little yaw resulted from asymmetric
actuation at 10 units AOA,

High AOA Characteristics

The rolling tendency of the asymmetric slat configuration increased
with angle of attack. Lateral control requirements as a function of angle
of attack are shown in fiqure 171. At approximately 19 units AOA (pro-
duction indicator), full lateral stick deflection toward the wing with
extended slats was required to control bank angle. Above 19 to 20 units
AOA, rudder inputs were helpful in controlling the increasing rolling
tendency.

Light buffet onset was noted at the slat extension AOA during asym-
metric actuation at one g. Moderate buffet was noted at 18 to 19 units
AOA during one-g stall approaches. Wing rock and yaw oscillations did
not occur consistently, but did sometimes begin in the AOA range of 23 to
26 units.

Windup turns were performed at 35,000 feet with the asymmetric slat
extension. The general characteristics and lateral control requirements
were similar to the one-g characteristics, except for the roll-off start-
ing at 20 to 21 units AOA being more abrupt and not controllable with
rudder inputs. The maneuvers were terminated when the roll-off started.
Moderate buffet onset was at 16 to 17 units AOA. Dig-in characteristics
during high-g transonic decelerations were less severe than those experi-
enced with the basic F-4E and comparable to the symmetric slat condition
characteristics.

Power Approach Configuration

A 19-unit AOA approach was flown with the asymmetric slat condition
and gear and flaps down. Longitudinal controllability was similar to that
noted during normal symmetric slat approaches in that holding 19 units
AOA precisely was moderately difficult. Lateral-directional controlla-
bility was sufficient at 19 units AOA. Approach speed with the asymmetric

slats was 4 to 5 knots higher than the normal symmetric slat approach speed.

One 19-unit approach was flown with gear and flaps down and all slats
retracted. Buffet intensity was noticeably higher, but angle of attack
control was easier than with the slats extended. Lateral and longitudinal
controllability was sufficient throughout the approach. Approach speed
at 19 units AOA was approximately the same as with extended slats.

Two approaches were flown with normal slat extension and retracted
flaps. Pilot comments indicate increased workload and difficulty in con-
trolling sink rate. Approach speed was increased by 15 to 20 knots.
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One‘approach at 19 units AOA was flown with both slats and flaps
rgtracteo. Later§l controllability was poor; the ailerons were not effec-
tive, and rudder inputs were necessary for adequate roll response. Approach

speeg was approximately 20 knots above the normal slats out, flaps down
speed.

_ Table IV summarizes the results of the different slat/flap combina-
tiors tested. This information should be included in the Flight Manual
for slat-equipped aircraft. (R7)

ANGLE OF ATTACK INDICATIONS

An inflight, out-of-ground-effect calibration of the production
apgle of attack indicator versus noseboom angle of attack is shown in
flgu;e.172. The shift in calibration between the PA and CR configurations
is similar to that of the basic F-4E, and is attributed to the airflow
disturbance caused by the nose landing gear door when the gear is extended.
Slat position appeared to have no effect on the calibration.

Table IV

ASYMMETRIC SLAT TEST SUMMARY

Approximate
Flap Cchange in 1
Slat Position Position Approach Speed Comments
Right - retracted 30° down +4 to 5 kt Lateral control adequate.
Left - extended
Retracted 30° down None Buffet intensity higher,
AOA control easier.
Extended Retracted +15 to 20 kt Sink rate hard to control.
Retracted Retracted +20 kt Poor lateral controllability.

Notes:

1Increase in approach speed above a normal flaps down (30 degrees),
slat extended approach at 19.2 units AOA. '

2All approaches were flown at 19 units ADA.
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CONCLUSIONS AND
RECOMMENDATIONS

The two-position slat test results show an increase in turning capa-
bility in the subsonic portion of the flight envelope compared with that
of the basic F-4E, and were comparable to those obtained with the pre-
vious fixed slat configuration, Agile Eagle IV. Flying qualities of the
slatted F-4E were basically comparable to those of the unslatted aircraft.
Most noticeable in the flying qualities area was the increased maneuvering
capability at high angles of attack.

The takeoff rotation technique described in the Flight Manual was
considered unsatisfactory for the slat-equipped F-4E: early and/ox
rapid aft stick movement may result in overrotatior. and the stabilator
contacting the runway; slow and/or delayed aft stick movement will result
in increased takeoff ground roll.

1, The Normal Takeoff section of the Flight Manual pertaining to rota-
tion technique should be revised to read as follows (page 12.:

"Aft stick should be smoothly applied at
approximately 80 KIAS to attaim 10 to 12
degrees pitch attitude just prior to air-
craft fly-off."

The installation of the two-position wing leading edge slat has
degraded the maximum speed capability of the aircraft slightly.

2. The Flight Manual should be revised to reflect the changes in the
level flight envelope for F-4E aircraft equipped with the two-posi-
tion slat (page 13).

Thrust-limited turning performance obtained during this test program
indicated a significant increase abcve that demonstrated during F-4E Cate-
gory II testing (reference 6).

3. The F-4E Flight Manual tor slat-equipped aircraft should be revised
to indicate the sustained load factor capabilities demonstrated dur-
ing this test program (page 14).

The drag data presented were corrected to a cg position of 32.9
percent MAC.

4. Performance data to be obtained from these drag polars should be
corrected to a more forward cg. This cg should be approximately
28.5 percent MAC, which would be representative of the clean alr-
plane at combat weight (41,185 pounds) (page 15).

The cruise data obtained during the tests show a degradation in
cruise performance of approximately four percent for the retracted slat
configuration and seven percent for the extended slat.

5. The cruise performance section of the F-4 Flight Manual should be

revised to reflect the cruise performance obtained during this test
program (page 15).
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The aircraft pitch response and pitch rate capability at high Cy's
were satisfactory, and the increased stick force and deflection needed
to attain CN's greater than 0.9 provided additional security against
inadvertently exceeding safe AOA limi‘s.

Simulated air~to-air tracking tests showed that terminal tracking
could be effectively accomplished up to 30 units AOA without excessive
pilot workload.

Static and dynamic longiitudinal stability in the cruise and combat
configurations was comparable to that of the unslatted F-4E. However,
in the power approach configuration with no external stores and a mid cg
position reduced static stability was noted in the 17 to 21 units AOA
range. This reuyion of reduced stability made precise control of AOA
moderately difficult during landing approaches at 19 units AOA.

Transonic "dig-in" characteristics of the slat equipped test aircraft
were much less severe than those of the basic F-4E.

The high~AOA aileron rolling capability was slightly improved over
the basic F-4E, while low AOA aileron roll performance was unchanged.
Rudder rolls performed at high AOA's showed improved performance, but
reduced rapidly at lower AOA's. Coordinated use of both aileron and rudder
inputs gave the most favorable roll response at high AOA.

Static directional stal'ility was satisfactory throughout the flight
envelcpe tested, but the increased dihedral effect of the test aircraft
was noticeable.

Lateral-directional flying gqualities in the power approach configura-
tion were generally not as good as experienced with the unslatted F-4E,
but were still termed satisfactory.

The F-4E aircraft equipped with the two-position leading edge slat
had increased residual thrust during the landing roll due to the deleted
BLC system. This, combined with thce higher approach speeds and reduced
drag caused by the low:r maaimum flap deflection, would tend to increase
the stoppirg distance during landing.

6. Landing performance tests should be conducted to insure that accurate
desta are presented in the Flight Manual for the slat-equipped F-4E
aircraft (page 20).

The aerodynamic stall warning characteristics of the test aircraft
were generally better than thouse of the previously evaluated slat con-
figurations, as well as those of the unslatted aircraft.

Tests performed to evaluate the F-4E flying qualities with simulated
failures in one or more slat actuators revealed only minor, acceptable
degradations from the symmetric slat condition characteristics. Trim
changes with asymmetric slat actuation were barely perceptible. The
asymmetric actuation was noted mainly as a tendency to roll into the
wing with retracted slats. "Dig-in" characteristics during high-g trans-
onic decelerations were less severe than experienced with the basic F-4E
and comparable to the symmetric slat extension characteristics.
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noted during normal symmetric slat approaches in that holding 19 units

AOA precisely was moderately difficult. Lateral-directional controlla-
bility was sufficient at 19 units AOA. Approach speed with the asymmetric
slats was 4 to 5 knots higher than the normal symmetric slat approach speed.

One 19-unit approach was flown with gear and flaps down and all slats
retracted. Buffet intensity was noticeably higher, but angle of attack
control was easier than with the slats extc ded. Lateral and longitudinal
controllability was sufficient throughout the approach. Approach speed
at 19 units AOA was approximately the same as with extended slats.

Two approaches were flown with normal slat extension and retracted
flaps. Pilot comments indicate increased workload and difficulty in con-
trolling sink rate. Approach speed was increased by 15 to 20 knots.

One approach at 19 units AOA was flown with both slats and flaps
retracted. Lateral controllability was poor; the ailerons were no: effec-
tive, and rudder inputs were necessary for adequate roll response. Approach

speed was approximately 20 knots above the normal slats out, flaps down
speed.

7. The information contained in table IV of this report should be in-
cluded in the Flight Manual for slat-equipped F-4E aircraft (page

22 ).

A 19-unit AOA approach was flown with the asymmetric slat condition :
and gear and flaps down. Longitudinal controllability was similar to that
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APPENDIX 1|

DATA ANALYSIS METHODS
AND TEST DATA

CLIMB POTENTIAL DETERMINATION

Test day excess thrust was obtained during level accelerations and
turning performance tests. It was then standardized and converted to
rate of climb potential, or specific excess power, to enable the thrust-
limited performance of the aircraft to be evaluated.

The method used to calculate rate of climb potential was based on
the flightpath accelerometer (FPA) measurement. Data obtained from the
FPA was very useful in yielding consistent results. To obtain climb
votential the following equation was used:

F -D
_ daH vV dv _ n
R/C—a—E'f'gd—-E-—V W
where

R/C = test day rate of climb potential
g%— = rate of change of altitude
g = acceleration of gravity
g% = acceleration along the flightpath
Y/ = true airspeed
W = airplane gross weight
F, = net thrust
D = net drag

F - D

-

W = specific excess thrust = FPA

using the FPA to obtain R/C results in the following

R/C = VvV (FPA) 101.28

where
R/C = test day rate of climb potential in ft/min
v = true airspeed in knots



Rate of climb potential calculated from test conditions was cor-
rected for nonstandard temperature effects on velocity and thrust. The
temperature effect on velocity correction to rate of climb potential was
obtained from the following equation:

Vs = VtVT 7Tt

where subscripts denote standard and test velocities and temperatures,
respectively. The correction to rate of climb potential for nonstandard
temperature effects on velocity is therefore

AR/Cvel = (/T37Tt & l) V x FPA
The thrust correction to rate of climb potential for nonstandard

temperature is

v

s 5 -
AR/Cthrust W (Fns Fnt)

where
Vg = standard day true airspeed
W = airplane gross weight
Fn, = standard day net thrust

Fn = test day net thrust

Since aircraft drag for a given attitude and Mach number is a function
of both normal acceleration and aircraft gross weight, a correction must
be made to compensate for nonstandard weight and normal acceleration.

Using the test day rate of climb potential equation and evaluating it for
both the test day drag, D¢, and the standard day drag, Dg, yields the
rate of climb potential correction for drag.

A

= _S -
R/cdrag T W (Dt Ds)

where

D = Cp(q) s

Nz, Wg
s
CNg = g5
Nz Wt
-
CNe = T8

a

oW AW
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q = dynamic prerfcure

S = aircraft wing area

N, = normal load factor

w = aircraft gross weight
Cp = drag coefficient

s = standard day

t = test day

These relationships can be determined from the aircraft drag polars
which, for this evaluation, were obtained from wind tunnel measurements.
It is acknovledged that the absolute magnitudes of these drag polars may
not be exactly representative of the test aircraft; however, the accuracy
of these corrections is enhanced by using only small incremental changes
on the drag polar.

A momentum correction to rate of climb potential was obtained using
the following equation:

_ - s
AR/Cm = i W Vs\ W

Finally, corrected rate of climb potential was obtained by combining
the above corrections with test day climb potential.

R/C = R/C + AR/Cvel + AR/Cth + AR/Cdrag + AR/Cm

corrected rust

The complete derivation of the corrections used to obtain standard
rate of climb potential can be found in reference 7.

DRAG DETERMINATION

Drag data for the test aircraft were obtained during turning per-
formance maneuvers. Lift coefficient was calculated using the following
egquation.

Cy/cos a

(@]
d
]

lift coefficient

Q
t
]

angle of attack"

e
]
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z
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(nW) /(qgS)

normal load factor

=
]

=
n

aircraft gross weight

q dynamic pressure

S

aircraft wing area

Drag for the test aircraft was calculated using the FPA and thrust avail-
able.

D Fn - FPA (W)
where

Fn = thrust available

FPA = flightpath acceleration
W = aircraft gross weight
and
_ D
Cp = 38

The drag coefficient was then corrected to a reference cg location
of 32.9 percent MAC. This correction was established using fiqure 14
and the following equation.

CDoorrectea = 0 + (8Cp/acg) scg
where
Cp = drag coefficient at test cg position
ACp/Acg = obtained from figure 173 at the test Cp
Aeg = CYi.op T 32.9 percent







DYN

AMIC LONGITUDINAL STABILITY DETERMINATION

The damping ratios and damped periods shown in the short period

damping data were determined by a computer program that matched the air-
craft response to an ideal second order oscillatory response. The
damping ratio and damped period were extracted from the equation used to
generate the matching second-order oscillation.

MANEUVERING STABILITY DETERMINATION

Maneuver points were determined from the windup turns performed by

the following method:

1.

3.

ROL

initi

Slopes of the longitudinal stick force (Fg) versus load factor (g)
and stabilator position (6g) versus normal force coefficient (Cy)
were taken at several Cy values. These slopes were taken from data
at both forward and aft cg locations and approximately equal alti-
tudes, Mach numbers, and gross weights.

The slopes were plotted versus cg location, and straight lines were
faired through points of equal CN values. The intersection of the

extrapolated straight lines and the slope = 0 line provided the cg

location at which the slopes were reduced to zero. The cg position
at which dFg/dg = 0 was called the apparent maneuver point, and the
cg position for dég/dCy = 0 was the maneuver point.

The maneuver points were plotted versus Cy fcr the several speeds
and altitudes tested.

L CAPABILITY DETERMINATION

Time-to-bank data were measured from the time point at which the
al control deflection occurred.- Roll helix angle was calculated

for the low speed roll data by the following formula:

where

roll helix angle = pb/2V

p = average roll rate for the initial 30 degrees of bank, found
by taking 30°/(t30 X 57.3) in radian/sec
b = aircraft wing span in ft

V = calibrated airspeed in ft/sec

PN
TEST DATA

Figures 15 Through 112
y 4
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